Abstract Osteoporosis related fractures contribute to morbidity and mortality in U.S. patients, placing a heavy financial burden on society. Randomized clinical trials involving over 30,000 subjects have established bisphosphonates' efficacy in reducing the incidence of fragility fractures. However, as bisphosphonates are retained for years in the skeleton, reports of adverse events from prolonged use are surfacing in the literature, namely, esophageal cancer, atrial fibrillation, osteonecrosis of the jaw, and atypical fracture development. The concept of a drug holiday has been proposed to potentially reduce incidence of these adverse events. This review will highlight the benefits and risks of bisphosphonate therapy and discuss the extension data available from the bisphosphonate trials. As randomized clinical trial evidence is not yet available on who may qualify for drug holiday, this review will provide suggestions for clinicians on identification of possible candidates and monitoring during a bisphosphonate drug holiday.
Introduction
Osteoporosis is a growing health problem in the United States. In 2002 more than 10 million Americans had diagnosed osteoporosis, 80 % of whom were postmenopausal women [1] . The incidence of osteoporosis or osteopenia increases with age and by age 60 years, half of Caucasian women in this country are predicted to be affected with this disease. In 2005, 2 million fractures were attributed to osteoporosis, incurring more than $16.9 billion in medical expenses. As the number of individuals older than 50 years of age is predicted to reach 121 million people by 2025, the incidence of fractures is projected to further increase to over 3 million, incurring $25.3 billion in cost [2] . In addition, there are significant indirect costs, including loss of productivity, need for caregiver time, and use of other social services. More than half of patients will remain with some degree of permanent disability, with women carrying a 17 % risk of mortality in the first year after fracture [3] .
Since the 1960s, bisphosphonates have become the most widely used agent for treatment of osteoporosis and have helped decrease incidence of osteoporosis related fractures, with a vertebral fracture risk reduction ranging from 40 %-70 % and relative hip fracture reduction of 40 %-50 % [4] [5] [6] [7] . However, a number of questions have been raised recently on duration of use in light of increasing reports on the potential side effects of these medications. Common side effects include gastrointestinal intolerance, while more serious adverse events such as gastritis, esophageal cancer, osteonecrosis of the jaw, atypical femoral fractures, and atrial fibrillation have been observed. Although the results from these retrospective studies are conflicting, they have heightened awareness of the complications from long term bisphosphonate use and have led to consideration of a drug holiday in select patients. With extension trial data now available for longer use of bisphosphonates, it may be possible to discontinue bisphosphonates to prevent the adverse events while still maintaining their benefits in preventing fractures. This article will review the evidence that supports a bisphosphonate drug holiday and offer suggestions in identifying appropriate candidates and monitoring during that interval.
Adverse Events Associated With Bisphosphonates
Oral bisphosphonates have been commonly associated with gastrointestinal intolerance and may lead to development of esophagitis, esophageal ulcers, and esophageal strictures, which could potentially heighten the risk for esophageal cancer [8] . In a UK case-control study, patients on bisphosphonates for more than 3 years had a relative risk of 2.24 of developing esophageal cancer compared with those not on bisphosphonates [9] . However, the UK General Practice Research Database study did not confirm these findings [10] .
Osteonecrosis of the jaw (ONJ) is a rare complication of bisphosphonate therapy first reported in a series of 36 patients treated with high doses of IV bisphosphonates for skeletal complications of malignancy [11] . Since then, there have been additional reports of ONJ developing in patients on bisphosphonate therapy for osteoporosis though 90 % of ONJ cases are in oncology patients receiving doses at 10-fold higher levels, usually intravenously, than those used in osteoporosis therapy. In both oral and intravenous bisphosphonate extension trials for treatment of osteoporosis, ONJ was not found to be associated with long term use of these drugs [12] [13] [14] . In an executive statement, the American Dental Association stated that the benefit provided by bisphosphonate therapy outweighed the low risk of developing ONJ [13] .
The Health Outcomes and Reduced Incidence with Zoledronic Acid Once Yearly (HORIZON) study raised concern regarding atrial fibrillation when the investigators noted a higher incidence of arrhythmias in the study group than in the placebo group [15] . In the Fracture Intervention Trial (FIT), a non-statistically significant increased risk of atrial fibrillation was also identified in the study group [16] . However, other extension studies, subsequent meta-analyses, and database studies did not confirm this association [12, 17, 18] . As such, the FDA did not recommend altering prescribing patterns for bisphosphonates due to this potential side effect [19] .
There has been mounting concern regarding development of atypical femoral fractures in patients on bisphosphonate therapy. In a Swedish population-based nationwide study, the 59 patients identified with atypical fractures had a 47 % relative risk of fracture with bisphosphonate use compared with nonusers (95 % CI, 25.6-87.3). Use of bisphosphonates for more than 2 years conferred a 67 % relative risk compared with 17 % in those with shorter duration of use. The difference in risk of atypical fracture between bisphosphonate users and nonusers was 5 cases per 10,000 patient-years, corresponding to a number needed to harm of 2,000 per year of use. After drug withdrawal, the risk decreased by 70 % per year since last use [20•] .
In a cohort study of the Kaiser Permanente Southern California database, 142 patients with atypical femoral fractures were identified from a pool of 1.8 million patients. Ninety percent of patients with atypical fractures had a history of bisphosphonate use ranging from 1 month to 13 years, with the incidence of atypical fractures higher with increasing duration of use. Age-adjusted incidence rates of fracture increased from 1.78/100,000 person/year (CI 1.5-2.0) after use of bisphosphonates for 0.1-1.9 years to an incidence rate of 113/100000 person/year (CI 69.3-156.8) with bisphosphonate exposure of 8-9.9 years [21] .
A secondary analysis of the FIT, FIT Long Term Extension (FLEX), and HORIZON Pivotal Fracture Trial (HORI-ZON-PFT) identified 12 subtrochanteric/diaphyseal femur fractures, a rate of 2.3 per 10,000 patient-years [22•] . While these studies were underpowered for this outcome and the risk is low, there was an indication from published studies of an association of bisphosphonates and atypical femoral fractures. In 2010, the FDA updated the labeling of bisphosphonates with a statement that though it was not clear if these drugs were the cause of atypical fractures, these fractures have been predominantly reported in patients taking these medications. The FDA recommended patients to continue taking their medications unless told to stop by their healthcare professional [23] .
Long-Term Effects of Bisphosphonates After Discontinuation
The next question is whether stopping bisphosphonates to reduce the risk of complications is safe in regard to maintaining adequate prevention of developing osteoporotic fractures. Indeed, bisphosphonates are deposited in bone for at least 10 years, and when bone containing bisphosphonate is resorbed, the bisphosphonate recirculates locally and systemically and is able to bind again to bone surfaces. Bone resorption continues to be inhibited over time, and the antiresorptive effect persists after the drug has been stopped [24] .
Two trials, FLEX and HORIZON-PFT, evaluated the persistent effects of bisphosphonates after discontinuation (Table 1 ). In the FLEX trial, subjects on Alendronate for more than 5 years were randomized either to continue Alendronate therapy for a total of 10 years or to discontinue therapy after 5 years. Those who discontinued Alendronate experienced decreases in BMD without an increase in nonvertebral fractures though the risk of clinically recognized vertebral fractures was higher compared with continuous Alendronate users [25] . In the latter group, the cumulative effect of Alendronate/placebo for 10 years was positive (1 %-3 % gain of BMD), compared with a 5 %-10 % loss expected from observational studies of untreated women of similar age [25] . Biochemical markers for bone turnover, such as serum C-terminal telopeptide of type 1 collagen, Npropeptide of type 1 collagen (Ntx), and bone-specific alkaline phosphatase, remained at levels close to baseline in the continuous treatment group, whereas the placebo group showed a gradual rise in markers over the 5 year period. Despite this, the levels in the placebo group were noted to be below pretreatment levels. Therefore, it was concluded that Alendronate maintained a residual effect after 5 years of therapy for at least another 5 years after discontinuation of the drug [25] .
In HORIZON-PFT, patients were randomized to stop therapy or to continue on yearly Zoledronic acid for 3 additional years. Although the placebo group experienced a reduction in femoral neck BMD, BMD was higher than pretreatment levels. Morphometric vertebral fractures were lower in those who remained on Zoledronic acid. Further, biochemical markers increased after 3 years off treatment but remained below pretreatment levels [26••] .
Consideration for Drug Holiday
The above studies demonstrate that there is a residual effect of bisphosphonates after discontinuation. Therefore, it has been suggested that physicians could consider a drug holiday after long term use of bisphosphonates in select patients. The main challenges to this decision are to determine the duration of bisphosphonate therapy, to assess who qualifies for drug holiday, and to know how long to remain off therapy. Currently, an observational study is in process to compare the effects on bone quantity and quality during a 2-year drug holiday after 2 years of bisphosphonate use [27] . However, until these results are available and randomized controlled clinical trials are published, physicians are asked to use their clinical judgment to determine who qualifies for drug holiday.
One group proposed to stratify patients based on their known or potential risk of fracture [28] . High risk patients include patients with prior history of fractures, low t-scores, and secondary osteoporosis due to use of chronic glucocorticoids, or from diseases such as hyperthyroidism, hyperparathyroidism, rheumatoid arthritis, or other disease states than can cause severe immobility such as multiple sclerosis. In such patients, it was recommended continuing bisphosphonate therapy for up to 10 years, and then a drug holiday could be considered. During this time, use of other agents such as Teriparatide or Raloxifene may be warranted. In moderate risk patients, they suggest drug holiday after 5-10 years and in low risk patients after 3-5 years of bisphosphonate therapy. Bisphosphonates should then be resumed if BMD decreases or the patient fractures. Duration of a drug holiday is unknown, but the authors propose 1-2 years in high risk patients, 3-5 years in moderate risk, and indefinitely in low risk patients [28] .
Recently, the FDA issued an advisory to provide additional guidance to physicians [29•] . The FDA analyzed the 3 long-term extension trials-FLEX, HORIZON-PFT, and VERT-MN -which reported treatment-related increases in BMD through treatment years 6-10. Although the primary endpoint in the extension trials was BMD, the FDA analyses included both BMD and fracture outcomes (vertebral and nonvertebral). In their review of FLEX, the panel reported that the rates of vertebral and nonvertebral osteoporotic fractures were similar whether participants continued to receive Alendronate for up to 10 years or were switched to placebo. Also, the panel noted that fracture rates appear to be constant when all data on vertebral and nonvertebral osteoporotic fractures with long-term therapy are pooled from the 3 extension trials. For example, in patients who received continuous bisphosphonate treatment for at least 6 years, fracture rates ranged from 9.3 %-10.6 %, whereas the rate for patients switched to placebo was 8.0 %-8.8 % [29•] . These data question the benefit of extended therapy with bisphosphonates after 5 years for fracture prevention. Therefore, the FDA recommended periodic assessment of a patient's need for continued therapy, taking into account their individual risk and benefit and patient preference. Low risk patients may qualify for drug holiday after 3-5 years while patients at higher risk of fracture may benefit from continued bisphosphonate therapy [29•] . The response to the FDA advisory commented that the FDA analysis focused on the composite end point of all fractures, both vertebral and non-vertebral, when the original preplanned analyses of the extension studies separated vertebral and nonvertebral fractures because of "their distinct pathogenesis and different responses to treatment" [30••] . According to their analysis, risk for vertebral fractures was shown to be reduced with continued bisphosphonate therapy beyond 3-5 years while evidence was lacking for nonvertebral fractures. Data from FLEX was used to estimate the number needed to treat (for 5 additional years) to prevent one clinical vertebral fracture (in subgroups defined by BMD at the femoral neck and by prevalent vertebral fractures status at entry in FLEX) ( Table 2 ). Those with T score of less than -2.5 appeared to benefit from continued use of bisphosphonates while those with T-score > -2.5 maintain fracture prevention during a drug holiday if they do not have a history of a vertebral fracture [31] .
A factor guiding determination of drug holiday is the variable anti-resorptive potency and binding affinity of each bisphosphonate due to their unique side chains. Zoledronate has the highest potency, followed by risedronate, ibandronate, and alendronate. Binding affinity is highest for zoledronate and decreases in order of magnitude for alendronate, ibandronate, and risedronate, respectively [28, 32] . This may be due to a greater affinity of alendronate and zoledronate to hydroxyapatite compared with risderonate and ibandronate [33] . The skeletal binding sites for bisphosphonate are nearly unsaturable, thereby leading to a significant accumulation of bisphosphonates while release of bisphosphonates may be small, as it partly depends on bone turnover which is reduced by use of bisphosphonates [28] . For example, after 10 years of alendronate use at a dose of 10 mg daily (70 mg weekly), the amount of alendronate released over several months or years would be equivalent to taking ¼ of the usual dose [34] . In general, zoledronate and alendronate maintain a prolonged effect after discontinuation while others such as risedronate have a more rapid offset [33] . The available extension data confirm these findings and lead to the proposal that a holiday from zoledronate may be considered after 3 years, for alendronate after 5 years, and potentially from risedronate after 5 years, while no data is yet available for ibandronate. Another factor to consider in drug holiday is demonstration of compliance with the therapy. The decision to go on drug holiday after 3-5 years should be after assurance of continuous use of bisphosphonates during the initial therapy period.
The Endocrine Society published a statement in response to the FDA advisory, reinforcing that clinicians engage in patient-specific dialogue about the appropriateness of longterm bisphosphonate use in their patient population [35] . This discussion should take into account the length of time patients have been on bisphosphonates, their compliance with therapy, the type of bisphosphonates used, their current T score, and their risk for vertebral fracture.
Monitoring During a Drug Holiday
When stopping bisphosphonate therapy for a drug holiday, there are a few potential parameters to monitor for continued bone loss. Most extension trials focused on annual DEXA scans to evaluate for loss of BMD after stopping treatment. One study showed that oral Alendronate stabilized bone mass at the spine, hip, and total body for 5 years, with the greatest effect during the first 1-2 years on therapy. Afterwards, the BMD plateaued or declined slightly, but remained at or above baseline values by the end of 5 years [36] . Once treatment was stopped, bone loss resumed at a yearly rate of 0.5 %-2 %, comparable with the rate of bone loss in patients on placebo. There are as yet no clear guidelines as to what point establishes a "significant decrease" enough to resume therapy again, but it is assumed that when BMD reaches pretreatment levels, ie, osteoporotic levels, or the patient fractures (whichever comes first), therapy should then be resumed. Therefore, annual DEXA scans should be checked while off therapy to continue monitoring for BMD changes.
Response to osteoporosis therapies can also be monitored by measuring biochemical bone turnover markers (BTMs). These can be helpful as significant changes in these levels can be appreciated even after a few weeks of initiating therapy (whereas the changes in BMD are often delayed). Prospective studies have shown that elevated resorption markers predict an increased risk of fractures (vertebral, femur neck, and other peripheral fractures) in postmenopausal women [37] . Two potential markers of bone turnover are urinary collagen type 1 N and C telopeptide, as the largest decrease in BTMs is observed with these 2 markers [37] . There is an inverse correlation between change in spine BMD and change in the U-NTX/Cr. In addition, patients with a decrease in U-NTX/Cr of >54 % subsequently had an increase in spine BMD of greater than 4.5 % [38] . The higher the urinary NTX levels, the higher likelihood of bone turnover and possible risk of fracture [39] . If these markers will be monitored during a drug holiday, then baseline levels prior to starting bisphosphonate therapy should be checked and compared with levels during therapy and during a drug holiday.
There are a few caveats to use of these BTMs. There have not been many studies to evaluate the relationship of a single marker in predicting fracture risk. There is biologic variability and inconsistencies due to sample collection and handling in addition to intra-individual variation of BTMs [40] . For example, markers of bone turnover can be affected by circadian variation and feeding [41] . In addition, fractures, renal impairment, metastatic bone disease, and secondary causes of osteoporosis such as glucocorticoid use, primary hyperparathyroidism, and thyrotoxicosis can be associated with changes in BTMs [40] . Therefore, there is lack of standardization in terms of which specific marker to use and clear cut off values for these measurements.
The International Osteoporosis Foundation and International Federation of Clinical Chemistry and Laboratory Medicine recommend use of serum C-terminal telopeptide of type 1 collagen (s-CTX) as a marker of bone resorption and serum procollagen type 1 N propeptide (s-PINP) as a marker of bone formation. Both have been shown to have a more standardized, automated assay and reference range with well characterized biological and analytical variability. They have been studied in both fracture prevention and monitoring response to osteoporosis therapy [42] .
Evaluating the change in BTMs in conjunction with annual DEXA scans may help guide the physician as to when to resume therapy again from a drug holiday. Currently, the appropriate duration of drug holiday is unknown. Fracture protection may wane after 3-5 years off bisphosphonate though there yet may still be some residual effects [25, 26••, 31] . One potential approach, though unvalidated, is to reassess after 1-3 years to see if CTX levels are in the mid range of young adults and to then reinitiate bisphosphonate therapy [14] . Physicians may opt to restart bisphosphonate therapy sooner than expected if BTMs levels were to significantly increase or reach pre-treatment levels and/or a decrease in BMD on DEXA scans is noted. On the other hand, if the markers are minimally changed from treatment levels and the BMD does not show a significant change, 
Conclusions
Though bisphosphonates are commonly used in prevention of fracture and treatment of osteoporosis in the United States, there remains much controversy surrounding its potential side effects from prolonged use. Until further evidence is published, clear recommendations regarding the length of use and drug holidays are not available. Based on current data, a potential algorithm to guide physicians is proposed (Fig. 1) . If the patient is at minimal risk for fractures, then a drug holiday potentially may continue with annual monitoring. If the patient has moderate to high risk of fractures, then the drug holiday can vary from 2-5 years depending on their BMD/BTM and fracture status. Furthermore, each bisphosphonate is unique, and the above recommendations may differ for each drug. Finally, it is uncertain at this point whether a drug holiday will prevent the possible complications such as gastrointestinal cancers, atypical fractures, ONJ, and atrial fibrillation.
Physicians treating patients with osteoporosis should have a clear discussion with patients prior to starting therapy, explaining the benefits and possible risks involved. The decision on duration of therapy needs to be tailored to the individual patient, with annual assessments of their risk factors, BMD response to therapy, and potentially bone turnover markers. In this way, serious adverse events potentially may be prevented while striving to maximize benefit from the effective therapies for osteoporosis.
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